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Abstract
The present study examines the landing-site distributions of the eyes during natural reading of Japanese script: a script that
mixes three different writing systems (Kanji, Hiragana, and Katakana) and that misses regular spacing between words. The results
show a clear preference of the eyes to land at the beginning rather than the center of the word. In addition, it was found that the
eyes land on Kanji characters more frequently than on Hiragana or Katakana characters. Further analysis for two- and
three-character words indicated that the eye’s landing-site distribution differs depending on type of the characters in the word: the
eyes prefer to land at the word beginning only when the initial character of the word is a Kanji character. For pure Hiragana
words, the proportion of initial fixations did not differ between character positions. Thus, as already indicated by Kambe
(National Institute of Japanese Language Report 85 (1986) 29), the visual distinctiveness of the three Japanese scripts plays a role
in guiding eye movements in reading Japanese. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction
In the past two decades, a considerable amount of
work has investigated the control of eye movements
during reading of Roman characters. One of the main
issues within this research domain has been the ques-
tion of where the eyes move in a text and whether eye
movements in reading are guided by on-going language
processing or, rather, by low-level visuo-motor factors
(e.g. O’Regan, 1992; Vitu, O’Regan, Inhoff, & Topol-
ski, 1995; Rayner, Sereno, & Raney, 1996; Rayner,
1998). An important first step within this context was
the observation that while scanning through a text, the
eyes prefer some locations in words to others: indepen-
dently of word length, most first fixations in words fall
at, or just left of, the center of words (Rayner, 1979).
Rayner labeled this prototypical location as the ‘pre-
ferred viewing position’ (PVP in the following), and its
existence had been confirmed in several languages writ-
ten in Roman script, including English (Zola, 1984;
McConkie, Kerr, Reddix, & Zola, 1988; Vitu et al.,
1995; Rayner & Fischer, 1996; Rayner et al.,
1996Rayner, Fischer, & Pollatsek, 1998), French
(O’Regan, 1981; Vitu, O’Regan, & Mittau, 1990),
Finnish (Hyo¨na¨, 1995), German (Radach & Kempe,
1993), and also in the Hebrew script, which is read
from right to left (Deutsch & Rayner, 1999).
Although linguistic factors have been shown to affect
a variety of eye movement parameters (for a review, see
Rayner, 1998), the fact that the landing-site distribution
of the eyes displays systematic word-based patterns has
been taken to suggest that selection of saccade targets is
based on information about word boundaries, which is
provided by the visually salient space between words
(O’Regan, 1981, 1992; O’Regan & Le´vy-Schoen, 1987;
McConkie et al., 1988; Vitu, 1991; Legge, Klitz, &
Tjan, 1997; Rayner, 1998; Rayner et al., 1998; Reilly &
O’Regan, 1998). The role of spacing information in eye
movements in reading has been confirmed in several
studies where it has been shown that removal of space
from Roman scripts disrupts both the word identifica-
tion process and the way the eyes move through the
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text (McConkie & Rayner, 1975; Pollatsek & Rayner,
1982; Rayner, 1986; Rayner et al., 1998, but see Epel-
boim, Booth, & Steinman, 1994 for a different view).
Rayner et al. (1998), for instance, demonstrated that
without spaces between words, the reading rate de-
creased by 40–50%, and the PVP moved from near
the word center to the word-beginning. Also, in Thai,
a phonologically based script that does not normally
use word spacing, the reading rate is actually faster
when spaces are introduced artificially to mark word
boundaries (Kohsom & Gobet, 1997). Furthermore, in
reading Chinese, a script in which each character
stands for a single syllabic morpheme, and texts are
written in long strings of equidistantly spaced charac-
ters, no evidence for a PVP in words was found
(Yang & McConkie, 1999). In short, because word
units play the primary role in saccadic programming
(Epelboim et al., 1994; Rayner, 1998; Rayner et al.,
1998), the availability of visually distinct word
boundaries in peripheral vision helps the reader decide
where to move in a text and facilitates reading.
It is worth noting, however, that the eye’s landing
distribution in unspaced Roman texts, as reported by
Rayner et al. (1998), albeit different from normal,
preserved a word-based pattern. That is, the PVP was
not neutralized like in Chinese texts, but was shifted
to the beginning of words. This suggests that in En-
glish, other information than space can serve to delin-
eate word boundaries in peripheral vision, and, in the
absence of space, this information is effective in guid-
ing reading eye movements. In written Chinese by
contrast, delineating word boundaries is generally
more difficult than in Roman scripts because in writ-
ten Chinese, the concept of ‘word’ is less transparent
than in the Roman orthographic system (see Daniels
& Bright, 1996). In fact, as pointed out by Yang and
McConkie (1999), even among educated Chinese,
there is considerable disagreement as to the locations
of word boundaries in a text. Hence, difficulties in
parsing parafoveally displayed character-strings into
lexical units, rather than a lack of space information
per se, may be responsible for the absence of a PVP
in Chinese (Yang & McConkie, 1999).
2. Present study
The present study investigated eye movements in
another type of unspaced text, the Japanese script.
The purpose of this work is to determine whether eye
movements in reading Japanese show word-based pat-
terns and, if so, to identify the nature of the informa-
tion that guides saccade targeting. Like in Chinese,
the space between words in a Japanese text has the
same width as the space between individual charac-
ters. Japanese text, therefore, does not provide space
information to indicate word boundaries. However,
unlike Chinese, Japanese text offers other ‘visuo-lexi-
cal’ cues to word boundaries. Modern Japanese is
written in a mixture of three basic scripts: Kanji, a
morphographic script; and Hiragana and Katakana,
two syllabaries. Kanji characters are graphic elements,
mostly derived from Chinese, which represent mor-
phological units, and are used to encode grammatical
categories such as nouns, verb stems, adjective stems,
and some adverbs. The two Kana syllabaries (Hira-
gana and Katakana) are phonographic characters and
are complete orthographies. That is, anything that can
be said in Japanese can be written in either of the
two Kana syllabaries. Typical modern Japanese texts
are written primarily in a mixture of Kanji and Hira-
gana, where Hiragana serves to represent grammatical
elements of sentences such as particles, auxiliary
verbs, and the inflectional affixes of nouns, adjectives,
and verbs. Katakana, by contrast, is used to write
foreign names, loan words, exclamations, and some
specialized scientific terminology (for more details
about the Japanese scripts, see Daniels & Bright,
1996). It is important to note that besides their dis-
tinctiveness with respect to lexical features, the three
types of scripts also differ in visual appearance (see
Fig. 1). In general, Kanji characters are visually more
complex than Katakana or Hiragana characters.
Kanji characters are written with one to more than 20
strokes, while both Katakana and Hiragana are writ-
ten with no more than six strokes. The former usually
contains higher spatial frequency components (more
than four cycles per character), while the latter is
likely to contain less than two cycles per character
(Osaka, 1992). Furthermore, Katakana characters
consist of relatively straight lines, while Hiragana
characters may include curvatures. In reading
Japanese, a reader could, therefore, distinguish the
three types of characters in peripheral vision by help
of their visual appearance without fully identifying the
characters themselves (Osaka, 1989, 1992). Especially,
the visually distinctive Kanji characters could, there-
Fig. 1. Examples of Japanese word meaning ‘Japanese’ in three
different writing systems, Kanji, Hiragana and Katakana.
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Fig. 2. Sample of stimulus configuration. A line of Japanese text flanked by two asterisks.
Table 1
Numbers of words of different character type
Composition type Word length
2 3 41 5 6
62Pure Kanji 136 27 11 3 2
162 34 16460 8Pure Hiragana 1
70 45 19Kanji–Hiragana mixed 4– 2
4 6 50 5Words containing Katakana 6
0 1 1 0Words consisting of numbers 00
372 113 52 20522 11Total
fore, provide cues to morphological segmentation and
thus help to decide where to fixate next in the text
(Kambe, 1986; Saida, 1993).
Although the history of eye movement research in
reading Japanese reaches back to almost the beginning
of the last century, there are not many reports concern-
ing where the eyes fixate in a text (for a review, see
Saida, 1993). Kusashima (1956) (cited in Saida, 1993)
claimed that there is no systematic pattern in eye move-
ments in reading Japanese. However, early observations
where eye movements were recorded with an ophthal-
mograph, suggested that the eyes do have fixation
preferences. Ohtomo (1927, 1933) (cited in Saida, 1993),
for instance, reported that fixations tend to fall some-
where within ‘speech units’ consisting of content and
function words. Also, in a more recent study, Kambe
(1986) showed that the probability of fixating on words
including at least one Kanji or one Katakana character
was two times higher than the probability of fixating on
words consisting only of Hiragana characters. Given
that Kanji and Katakana characters carry more of the
text content than Hiragana characters, Kambe (1986)
concluded that the visual distinctiveness of the three
scripts in parafoveal vision allows the reader to select
where to move to in a text.
Systematic analyses about where the eyes land in
words while reading Japanese, however, are still miss-
ing. In the present study, we will analyze a set of
reading data of modern Japanese texts. We will first
determine whether eye movements in reading Japanese
show word-based patterns. For this, we will compute
the distribution of initial fixations within words of
various lengths and analyze the consequence of initial
fixation location on refixation patterns within a word.
In a second step, we will then determine whether pat-
terns of eye movements vary with character-types (i.e.




Eight graduate or undergraduate students, with nor-
mal or corrected to normal vision, participated in the
experiment.
3.2. Materials
Twenty plain passages taken from daily columns in
newspapers served as the reading materials. A passage
was four to six lines long with a maximum of 25
characters per line. Fig. 2 shows a sample of the
stimulus configuration. A character subtended 0.6 de-
grees of visual angle. The text was displayed in white
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characters against a black background on a computer
screen.
The text consisted of 1096 words, including 711
Kanji, 140 Katakana, 1197 Hiragana characters,
seven Arabic numbers and 180 punctuation marks
(i.e. Kanji 32%, Katakana 6%, Hiragana 54%, and
punctuation 8%). Table 1a provides details about
characteristics of the words used in the texts (there
were additional six nine-character words that we ex-
cluded from all analyses because of the limited num-
ber).
3.3. Procedure
Participants were engaged in a calibration task be-
fore reading each text passage. A passage was dis-
played one line at a time for 5 s to ensure the
accuracy of the eye movement measurement. The task
was to read the text silently for comprehension. After
each passage, the experimenter asked the participant
to describe what he/she had read. Participants re-
quired two 40 min sessions to complete the study.
3.4. Apparatus
Eye movements were recorded using an Ober2 (Per-
mobil Meditech), sampling eye position every 10 ms.
The spatial resolution of the system was 5 min of
visual angle. A chinrest was used to stabilize the
head.
3.5. Data selection
Although subjects read the text with binocular vi-
sion, only the data for the left eye were analyzed. In
accordance with previous studies (e.g. Vitu et al.,
1995), only fixations lasting for more than 50 ms
were considered and analyzed in the following analy-
sis. Shorter fixations were discarded.
4. Results
All participants correctly reported the full details of
the text passages. The average fixation duration was
275 ms. The mean saccade length was 4.6 characters
for progressive and 3.7 characters for regressive sac-
cades. These results are consistent with the results
reported by Kambe (1986), and also by Saida (1993),
but not with Osaka (1992), who reported mean sac-
cade lengths of 7.8 characters for Kanji–Kana mixed
text.
4.1. Global analyses
4.1.1. Initial landing sites in words
Fig. 3 gives the proportion of initial fixations at
different locations in the word. Data are plotted sepa-
rately for words of two to six characters. The results
clearly show that the landing site distribution of fixa-
tions in Japanese texts is word-based with a PVP at
the beginning of words. Analyses of variance
(ANOVA) with subjects as a random factor indicated
that the proportion of initial fixations differed signifi-
cantly between character-positions in the word
[F(1,7)=1.32, n.s.; F(2,14)=5.7, P0.02; F(3,21)=
6.48, P0.005; F(4,28)=3.26, P0.05; for two,
three, four, five characters, respectively. For six-char-
acter words, the effect was only marginally significant
F(5,35)=2.29, P0.07]. Note that these results are
very similar to the results reported by Rayner et al.
(1998) for reading unspaced English.
4.1.2. Probability of refixating words
It is well established that the probability to refixate
a word during natural reading of the Roman script
depends on where the eyes initially land in the word:
the refixation probability is lowest for initial fixations
near the word center but increases progressively as
initial fixations deviate to either side of this ‘optimal’
landing position (O’Regan, 1981; McConkie, Kerr,
Reddix, Zola, & Jacobs, 1989; Vitu et al., 1995;
Rayner & Fischer, 1996). Fig. 4 plots refixation profi-
les in Japanese words (because of its limited number,
results for six-character words were omitted from the
analysis). As for the landing sites, refixation strategies
in Japanese words revealed a word-based pattern.
However, in contrast to the u-shaped refixation curve
that is typically observed for words of the roman
script, the probability of refixating a Japanese word
follows different rules: the refixation probability is
Fig. 3. Mean proportion of initial fixations at different character
positions within words of different lengths.
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Fig. 4. Mean probability of refixation as a function of initial fixation
position in words of different lengths.
to the PVP (i.e. near the word center), in the Japanese
script, we observe the opposite pattern. The probability
of making another fixation in the word is highest when




To determine possible preferences of the eyes for a
certain character-type as suggested by Kambe (1986), we
calculated the probability that readers fixated a given
Kanji, Hiragana, or Katakana character in the text. This
computation was character-based, taking into account
the total number of each character-type in the text, and
ignored word boundaries (i.e. the probability of fixating
a Kanji character was determined as (number of fixa-
tions on Kanji characters)/(total number of Kanji char-
acters in the texts)). According to this analysis, a
preference for a certain character-type indicates that the
visual distinctiveness of the three character-types may be
the determinant of eye movements in reading Japanese
texts. As shown in Fig. 5, the fixation probability is
highest for Kanji and lowest for Katakana characters
(the effect of character-type on fixation probability was
significant; F(3,21)=11.34, P0.0001. Analysis in-
cludes punctuation marks). Hence, on average, Kanji
characters receive more fixations than either of the two
other character-types.
4.2.2. Character-compositions in words
To examine whether the eye’s preference for the
beginning of the word (Fig. 3) varies with character
compositions within words, we determined initial land-
ing sites for words of different character compositions:
pure Kanji, pure Hiragana, and Kanji–Hiragana mixed
words (because of their limited number, Katakana
words were not considered). The analysis included words
of two and three characters, which are the word lengths
that occurred most frequently in the texts. Table 2
provides details about the number and characteristics of
the words analyzed.
Fig. 6 plots the proportion of initial fixations at
different locations in the word in a given word-type. This
analysis revealed that the eye’s preference for the word
beginning disappears in pure Hiragana words. The PVP
effect was only evident in part of the words that
contained Kanji characters, i.e. for pure Kanji words
(F(1,7)=25.47, P0.005; F(2,14)=4.52, P0.05, for
two- and three-character words, respectively) and
Kanji–Hiragana–Hiragana words (F(2,14)=9.28, P
0.005). Kanji–Kanji–Hiragana words showed the same
pattern of results as pure Kanji words, but the effect of
character position was not significant possibly due to
their limited number (14 items).
In short, the preference to fixate the beginning of the
word varies with the character-composition in the word.
Fig. 5. Mean probability of fixations (+SE) on Kanji, Hiragana,
Katakana characters, and on punctuation marks.
Table 2
Numbers of Kanji, Hiragana, and Kanji–Hiragana mixed words
Composition type Word length
2 31
2713662Pure Kanji




lowest for initial fixations towards the word end, and it
is maximal when the word is first fixated on the first
letter. The effect of initial fixation position on refixation
probability was significant for three- and five-character
words (F(2,14)=4.65, P0.05, and F(4,16)=10.5,
P0.001, respectively), but did not reach significance
for two- and four-character words.
Note that in contrast to the Roman script, where the
refixation probability is lowest when the eyes land close
N. Kajii et al. / Vision Research 41 (2001) 2503–25102508
Only when a Kanji character occupies the first position
in a word, evidence for a PVP is observed.
4.2.3. Launch site and landing site
In a final analysis, we examined the effect of launch
site on initial landing position in pure Kanji and pure
Hiragana words of two and three characters. Fig. 7
shows the proportion of fixation as a function of char-
acter position in the word when launch site is near
(one- to three-character distance) and when it is far
(more than three-character distance) from the begin-
ning of the target word. The left panel gives results for
Hiragana words, the right panel for Kanji words. Data
are plotted separately for the two word lengths. As is
clear from the results, while launch site had an effect on
the landing site in Kanji words, it had no effect on the
landing site in Hiragana words. The interaction be-
tween launch site and landing site in words was signifi-
cant for two-character Kanji words only (F(1,7)=9.34,
P0.05). This analysis further confirms that the eye’s
Fig. 7. Mean proportion of initial fixations at different character
positions within words of different character compositions. Data are
plotted separately by launch sites.
Fig. 6. Mean proportion of initial fixations at different character
positions within words of different character compositions.
targeting strategy differs depending on the composition
of characters in words.
5. Discussion
The present study revealed a word-based pattern in
both the landing-site distributions and refixation pat-
terns of the eyes during reading Japanese texts. The
frequency of initial fixations in words is highest for the
first character-position and decreases almost linearly
towards the end of words. This pattern differs from the
pattern classically reported for normally spaced Roman
scripts but is very similar to that reported by Rayner et
al. (1998) for reading unspaced Roman scripts. Refixa-
tion strategies adopted in reading Japanese are also
qualitatively different from those observed for the Ro-
man script. While refixations in words of the Roman
script are lowest when the eyes land at the PVP, in
Japanese, we observe the opposite pattern. The proba-
bility to refixate a Japanese word is maximal after the
initial fixations on the first letter—which is the charac-
ter that receives most of initial fixations. Further analy-
ses of the landing site distribution for words of different
character-types unveiled that only when the initial char-
acter of the word is a Kanji character the eye’s landing
distribution show a word-based pattern.
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The fact that the landing site distribution of the eyes
in unspaced English differs from spaced English, as
reported by Rayner et al. (1998), clearly shows that
space information is functional in guiding eye move-
ments during reading. The resemblance between the
landing-site distribution in unspaced English and that
which we observed in (naturally) unspaced Japanese
further supports this conclusion and emphasizes that
the layout of printed materials does matter in reading.
It is important to highlight that in both unspaced
English and in Japanese, words remain the principal
targets of the saccade. What changes between spaced
and unspaced texts is the location within the word
where the saccade is most frequently aimed. This shift
of the PVP from near word center in spaced texts to the
beginning of words in unspaced texts seems to indicate
that for unspaced texts, readers can identify some of the
transitions between words in parafoveal vision but can-
not isolate the entire word as they do in spaced texts.
It might appear at first that the similarity between the
landing site distribution in unspaced English and in
Japanese weakens the claim according to which eye-
movement control in Japanese is modulated by visuo-
lexical characteristics of the three Japanese writing
systems (Kambe, 1986). English does not provide these
cues, yet the landing site distribution in unspaced En-
glish has the same profile as in Japanese. It is important
to note, however, that while the average fixation dura-
tion in unspaced English is 378 ms (contrary to 253 ms
in spaced English; Rayner et al., 1998; Experiment 1;
single-line condition), it was only 275 ms in the present
study. The shorter fixation duration in Japanese texts
could simply stem from the fact that Japanese readers
are more trained in reading unspaced text. However, it
could also indicate that transitions between words in
Japanese texts are visually more distinct and therefore
detected more easily than those in English texts. Recall
that our analyses in Fig. 5 suggested that Kanji charac-
ters are fixated more frequently than Hiragana,
Katakana or punctuation marks. Furthermore, Fig. 6
showed that the eye’s preference for the beginning of
the word appears only when a Kanji character occupies
the first position in a word. What seems to count is that
the information provided by a particular combination
of Kanji and Kana (Hiragana or Katakana) characters
indicates the beginning of a word within a text.
Table 3 supplies statistics about the predictability of
word boundaries from a combination of Kanji and
Kana characters in our text. In almost all instances, a
Kana–Kanji string indicates a word boundary. Fur-
thermore, a Kanji–Kanji string is also informative be-
cause it never corresponds to word boundaries. By
contrast, a Kanji–Kana or Kana–Kana string does not
convey any information about the presence or absence
of word boundaries. The probability that these types of
strings correspond to transitions between words is at
chance level. These statistics seem to explain why words
that contain Kanji show a word-based pattern in the
eye’s landing site distribution, while pure Hiragana
words do not: in parafoveal vision, the Japanese reader
does not parse character-strings into words unless there
is a Kanji character. Note, however, that the end of a
fixated word automatically indicates where the begin-
ning of the following word is. This lexical information
may be the information used by readers of unspaced
English in order to program their saccades. In
Japanese, the presence of a PVP in words that contain
Kanji characters but its absence in pure Hiragana
words (Fig. 6) suggest that readers of Japanese rely
much less on these lexical information but uses visual
cues instead. Hence, as already suggested by Kambe
(1986), the visual distinctiveness of the three Japanese
scripts plays a role in guiding reading eye movements in
Japanese. However, it is probably not so much the
grammatical class of the parafoveal word that controls
where the reader fixates next, but the information that
a character in parafoveal vision can provide in indicat-
ing word boundaries.
6. Final remarks
In contrast to eye movement studies in reading ‘artifi-
cially’ unspaced English (e.g. Epelboim et al., 1994;
Rayner et al., 1998),1 the present study provides in-
sights into eye-movement strategies in reading naturally
unspaced texts. Our results may therefore allow some
speculations as to whether introducing spaces between
words facilitates reading.
According to Epelboim et al. (1994), reading un-
spaced text is relatively easy, and eye-movement strate-
gies in spaced and unspaced text are essentially the
same. While readers of Japanese confirm the first claim
(i.e. they easily read unspaced text), the present eye
movement data do not support the second claim. Eye
movement strategies do differ in spaced and unspaced
Table 3
Probability that a type of two-character string corresponds to word
boundary
Proportion inProbability toString type






1 Note that these authors disagree in the interpretation of their
data. Unfortunately, a direct comparison of the two studies is not
possible because the authors applied different types of data descrip-
tions.
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texts, both in terms of initial landing site distributions
and in the subsequent refixation strategies adopted by
the reader. In fact, if we were to take the number of
refixations in a word as an indicator of reading effort,
we even have to conclude that reading naturally un-
spaced text is more demanding than reading spaced
text. This is because the probability of refixating a word
in Japanese texts is maximal when the eyes land at the
position most aimed at in the word. However, whether
Japanese children trained on spaced Japanese text
would become faster readers than those trained on
traditional writings remains to be proven.
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